Accurate fetal weight estimation is important for the management of birth. According to the existing literature, none of the clinical techniques is superior to any other. This study aimed to compare error analysis for the determination of the accuracy of Johnson's formula, Dare's formula and mother's opinion for the estimation of birth weight.
I N T R O D U C T I O N
Fetal weight estimation is a vital part of pregnancy, labor and childbirth care (1) . In the last decade, the routine practice of estimating fetal weight has been supported as a standard component of antenatal care to detect and monitor the abnormal growth of fetus (2) .
Estimation of fetal weight is also an important part of the obstetrics management of high-risk pregnancy (3) . According to the scientific reports, 11.1% of newborns had a birth weight of less than 2,500 g and 3 % of them weighed above 4,500 g (4, 5) . Any deviation from the normal weight is associated with an increased risk of maternal and newborn complications during labor and puerperium (6) . Additionally, a large proportion of perinatal mortality is attributed to birth weight, which is considered an important predictor of newborn survival (7) . Generally, the obstetric care policies are greatly influenced by fetal weight estimation especially for the management of diabetic pregnancy, the prevention of prematurity, prediction of fetal-pelvic disproportion, the decision for the optimal route of delivery in breech presentation, the trial of vaginal birth after previous cesarean section and detection of intrauterine growth retardation (8) . On the other hand, taking care of low and high weight infants requires special conditions and should be performed in centers with good facilities, which can increase the chance of survival (9) . Therefore, precise determination of fetal weight is crucially important to prevent obstetric complications, especially in suspected cases of macrosomia or intrauterine growth restriction as well as in preterm deliveries (6) . In addition, the need for a quick and easy method for estimating fetal weight has been clearly defined (10) .
In this regard, there are two main methods for fetal weight estimation: first, the clinical estimation based on abdominal palpation, fundal height, and Leopold's maneuver, and second, using ultrasound and MRI imaging techniques (11) . MRI has been reported as the most accurate method of fetal weight estimation and ultrasound, despite its limitations, is known as a standard method for the estimation of fetal weight and prediction of fetal growth disorders. However, due to their high costs, the clinical value of these methods has been questioned (1). Unfortunately, up to date, there is no study which clearly specifies the best fetal weight estimation method. Some studies have considered ultrasound and others have considered clinical methods for one or two categories of weight groups, and rarely a method has been presented to well estimate fetal weight in all the three categories (9) . Abdominal palpation using Leopold's maneuver and Johnson's formula is a method used for estimating fetal weight. Banerjee reports no significant difference in the evaluation of the diagnostic value of Johnson's formula and ultrasound method (12) . Khani (13) also compared abdominal palpation, Johnson's technique and ultrasound in the estimation of the weight of SGA fetuses and reported a significant difference between these three methods with the actual birth weight. The most accurate estimating methods included ultrasound, Johnson's formula, and abdominal palpation; however, there was no significant difference between these three methods for AGA fetuses. Dare's formula is another clinical method evaluated by Dare in estimating fetal weight. It was considered a very effective method in fetal weight estimation (12) . Johnson's methods is a subjective method; thus, it is difficult for young and inexperienced physicians and midwives. However, the measurement of abdominal circumference and the uterus height is an objective method which is easy to train. Another method used in some studies is relying on mother's perception of her child's weight (10) . In this regard, Chauhan's study was the first study in 1992 to report the diagnostic value of maternal estimates of fetal weight as valid as ultrasound technique (11) . In some advanced countries, surprisingly, maternal estimates of fetal weight were as precise as clinical methods (14) . These three methods, as simple, effective and inexpensive, are used for fetal weight estimation; however, contradictory findings have been reported regarding the effectiveness of each method. In one of these studies, Torloni (15) compared clinical weight estimation methods including Johnson's and Dare's formulas and mother's perception of her child's weight and ultrasound and reported no significant difference. Therefore, given the importance of fetal weight estimation during labor, the present study was designed to do a comparative evaluation of these methods and to know which method is more precise in fetal weight estimation at term.
M E T H O D S A N D M A T E R I A L
This descriptive cross-sectionals were conducted at the maternity ward of a governmental Hospital, Torbat Heydariyeh, Iran. The duration of the study period was four months, from March 1 to July 30, 2017. The sample size was calculated as 147 pregnancies, using 95% confidence interval (α = 0.05) and 80% power, based on the pilot study and below formula.
The inclusion criteria were: term singleton pregnant women in early labor, cephalic presentation, alive and healthy fetus, the absence of fetus and uterus abnormalities, maternal BMI < 30, intact membranes. The exclusion criteria were: preterm and post-term pregnancy, placental abruption, amniotic fluid disorders (oligo and hydramnios), placenta previa, preeclampsia, gestational diabetes, neonatal abnormalities or stillbirth.
All eligible participants were counseled regarding the study, and their written consents were obtained before recruitment into the study. After that, each woman was asked about her baby's weight and this information was recorded. By starting active phase (3-4 cm of cervix dilatation), the participants were asked to empty their bladder and the researcher measured her symphysiofundal height and abdominal girth, between contractions, using a standard sewing tape. The measurements were performed in the supine position, with her legs extended, and were rounded to the nearest centimeter.
The fundal height was measured from the highest point on the uterine fundus to the midpoint of the upper border of the symphysis. Thereafter, the abdominal circumference was measured immediately at the level of the umbilicus.
The researcher then performed a pelvic examination to evaluate cervical dilation and the degree of descent of the fetal head through the birth canal. Then the fetal weight was calculated according to Johnson's and Dare's formulas.
Johnson's formula: fetal weight in grams (Johnson's original formula converted to grams, where ounces were multiplied by 28.34 and pounds were multiplied by 0.453) = 155 x (fundal height in cm (for patients over 90 kg, subtract 1 from the fundal height) -K); K = 11 (fetal head at plus stations); K = 12 (fetal head at zero station) and K = 13 (fetal head at minus stations). Dare's formula: fetal weight in grams = fundal height in cm × abdominal girth in cm. Immediately after delivery, the infants were weighed by using a calibrated digital balance. According to the actual birth, infants were placed at three weight groups: low birth weight = less than 2,500 gr, normal weight = between 2,500 -4,000 gram and macrosomic = more than 4,000. Also, neonatal grouping was categorized based on moderate weight for gestational age. Infants were considered as SGA when their weights were below the 10 th percentile, AGA when they were between the 10 -90 th percentile and LGA when they were higher than 90 th percentile. All clinical FWE was done personally by one of a researcher who was a trained graduate midwife. Gestational age was calculated from the day of onset of the mother's last normal menstrual period or by using of ultrasonographic examination performed before reaching 20 weeks. After data collection, the analysis was done with SPSS software version 20 and statistical tests such as Chocran, Fridman, and RMANOVA were used.
The accuracy of the three methods for FWE was assessed by calculating the percentage (relative) error, absolute percentage error, and the ratio by percentage of estimate within 10% of actual birth weight.
Percentage (relative) error was defined as estimated fetal weight (EFW) -actual birth weight (ABW)) × 100/ABW and absolute error as (absolute value (EFW -ABW)) x 100/ABW (2). The mean percentage error represented the sum of the positive (overestimation) and negative (underestimation) estimation from actual birth weight, and the mean absolute percentage error was the sum of the absolute deviation (regardless of their direction) reflecting the size of the overall predictive error in terms of actual birth weight (3). A p-value < 0.05 was considered significant. Ethical clearance for the study was obtained with code 1394.6 from the Torbat Heydariyeh University of Medical Sciences, Iran.
R E S U L T S
One hundred forty-seven women participated in the study. The mean maternal age was 26.55 ± 6.53 years (age 15-42 years). The median parity was 2 (range 1-6). Thirty-four percent (50 /147 people) of the participants were nulliparous, 34% (50 /147 people) of the participants were primiparous and others were multiparous. The mean gestational age was 39.3 ± 1.28 weeks (range 37-42). For multiparous women, the weight of previous children at the birth was checked. The mean weight for first child was 4,143 ± 1.07 grams, 2,946 ± 5.42 grams for the second child, 2,946 ± 5.71 grams for the third child and 1,680 ± 0.00 grams for fourth child . In this pregnancy, 45.6% of neonates were female and 54.4% were male. Other findings are shown in Table 1 and Graph 1 and 2. The mean actual birth weight of the neonates was 3.2 ± 0.44 kg (range 2-4.7). Eight (5.4%) babies had birth weights of less than 2.5 kg, 132 (89.8%) babies weighed 2.5-3.9 kg and 7 (4.8%) weighed 4.0 kg and more. Actual birth weight was positively correlated with both clinical methods (Johnson's: P = 0.0001, r = 0.73 and Dare's: P = 0.0001, r =0.71) and mother's opinion (P = 0.0001, r = 0.69). For all participants, the accuracy and differences between methods of estimation were shown systematically (Table 2 ). In normal babies (2.5-3.9 kg), the results showed the difference between the three methods and Dare's formula had less % error than other methods. In macrosomic babies (≥ 4.0 kg), the mean % error showed that all methods overestimated the actual birth weight. However, both the mean absolute % error and proportion of estimates within 10% of the actual birth weight for the clinical method were significantly lower than those of the mother's opinion method. Details are shown in Table 2 . In LBW babies (< 2.5 Kg), there was no difference between the three methods and at least the results showed that % error for Johnson's formula was less than that obtained by another method.
D I S C U S S I O N
This study used Johnson's and Dare's clinical formulas and the mother's perception of her child's weight to predict the actual fetal birth weight. The present study showed that, considering a maximum error of ± 10% from the actual birth weight, the estimated accuracy of fetal weight for Johnson's, Dare's formulas and mother's personal perception were 66%, 58.5%, and 34.7%, respectively. There were significant differences between all the three groups; however, more accurate results were obtained using Johnson's formula. Johnson and Toshach (1954) accurately estimated fetal weight in 68% of the 200 cases, with ± 10% error in their original research (16) . Torloni also showed that just in 61% of the cases there was a 10% difference between the estimated weight obtained with Johnson's formula and the actual fetal birth weight. The reason for this difference can be attributed to the higher prevalence of maternal obesity in the Thorlani's study. Additionally, similar to Torloni's study, Johnson's method was also more accurate than the Dare's formula in determining the actual fetal weight (15) . Dare first used this simple formula in 1992 to estimate the weight of 498 fetuses and obtained a good correlation between this method and the actual fetal weights (17) . In Torloni's study, 52% of the estimated weights with Dare's formula were similar to the actual weights and this is similar to the result of this study (15) . In addition, the mean percentage error and the mean absolute percentage error of Johnson's formula were lower than the other two methods which again indicates the superiority of Johnson's method. Unfortunately, there are few studies on clinical methods of fetal weight estimation and this may be due to the lack of experienced staff or lack of accurate information. Other studies have also confirmed higher accuracy for Johnson's formula in proper fetal weight estimation (16) . Galet also compared Johnson's method with ultrasound and reported similar accuracy rates for both methods in fetal weight estimation (18) . On the other hand, in a large study on 460 cases, Chauhan compared ultrasound technique with clinical methods, including Johnson's and Dare's methods and observed no significant difference. In addition, Chauhan for the first time published that maternal estimates are as accurate as ultrasound in fetal weight estimation (11) . The accuracy of maternal estimates ± 10% in the present study (34.7%) differ from the values previously reported by others, which ranged from 53.5% to 69% (19) . It was expected that multiparous mothers had more accurate estimates of fetal weight than nulliparous mothers; however, the difference was not significant in this study. In this study, other factors such as age, education and the weight of previous neonates were studied and none of which related to mother's estimates. Previous studies also confirmed that maternal characteristics did not affect the accuracy of maternal estimates (11, 15, 19) .
The highest and the lowest estimated accuracy in this study were related to the weight ranges of 2.5-4 kg and below 2.5 kg, respectively. In the normal weight group, Johnson's formula and Dare's formula, with 8.30 ± 7.33 and 15.20 ± 11.21, had the lowest and the highest mean absolute percentage errors, respectively. This demonstrates why clinical methods are considered suitable for estimating the weight of normal fetuses. Nevertheless, given the small proportion of low birth weight and microsomal neonate in this study, this finding should be interpreted cautiously.
Belete at el. (20) disagreed with this opinion and argued that Johnson's formula was not suitable for estimating the weight of normal fetuses. In the under 2.5 kg weight group, the three groups had low accuracy rates and no significant difference was observed. In a Shittu's study (3), lower accuracy rates were reported for clinical methods in the under 2.5 kg weight group and only 41.7 % of the cases were properly estimated with a 10% error.
Finally, the three methods were significantly different for estimation of weight in the macrosomia group. In the case of overweight groups, all the three methods produced significantly low estimates. However, the Dare's method was more accurate and its mean absolute percentage error was lower than the other two methods. Buchmann (21) also argued that the Dare's method is more accurate in estimating the weight of overweight groups. Faschingbauer and et al. (22) concluded that accurate estimation of macrosomia is an unsolved problem and clinical methods are conditionally able to estimate the fetus weight and they merely provide a basis for future decisions. In contrast, it was found that Johnson's method was the most accurate clinical method in estimation of overweight groups in another study (23) . However, Galet (18) questioned the accuracy of clinical methods in proper fetal weight estimation and Nahar (24) argued that ultrasound is more accurate than clinical methods in actual fetal weight estimation. Each of the two methods used to calculate the percentage error had some limitations; however, their combination with a 10% difference in birth weight enriched the research findings. Additionally, this study was carried out in a hospital which has low generalizability.
C O N C L U S I O N
According to the present study, Johnson's formula produced more accurate estimates, especially for fetuses in the normal weight range. This method is easier than Dare's formula for objective measurements and calculations. It is also more reliable than a mother's perception method and can be easily taught to midwives, less experienced staff, medical students, and physicians. Using modern technologies such as ultrasound for fetal weight estimation requires using expensive equipment, experienced and specialized staff and a lot of time; therefore, utilizing these precise, fast and inexpensive clinical methods can be a good alternative in developing countries. On the other hand, considering the contradictory results mentioned above, it is recommended to use more accurate methods to predict and calculate the weight of fetuses weighing less than 2.5 kg and those above 4 kg; because both macrosomia and low weight groups are associated with increased morbidity and mortality during labor.
